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ABSTRACT 
 
 
 
The crucial problem in the wireless network mesh was the available bandwidth. 
Available bandwidth is the highest throughput that the path can provide to certain 
consideration. There two techniques used to measure the available bandwidths 
which were passive and active measurement. Passive measurement allowed the 
network to be measure without alters the network traffic. This research will 
represent an experimental analysis of available bandwidth by using passive 
bandwidth estimation tool. The passive bandwidth estimation tools that were used 
were Pathload, Pathrate and Wbest. The objective of the research was to measure 
the available bandwidth using passive bandwidth estimation tool, compare the 
selected tools based on their estimation preference and to recommend the best 
bandwidth estimation tools. This was determined with the three factors which 
were the failure pattern, accuracy and consistency of the tools. The experimental 
analysis was done in two scenarios which were in the optimum network and 
network with traffic. For each scenario, the testing then was done in three 
different environments, one router, two routers with same bandwidth and two 
routers with higher bandwidth at the bridging. Laptop was placed between an 
access points. Twenty reading for each tool then was recorded. At the end of the 
experiment, the data then was analyzed to determine the result based on the 
objective of the experiment. Based on the result, Pathrate was the best tools to be 
used for both environment followed by Pathload and Wbest.  
.
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ABSTRAK 
 
 
 
Masalah penting dalam jaringan rangkaian wayarles adalah masalah jalur lebar. Jalur 
lebar adalah jumlah data yang boleh dihantar dalam jumlah yang tetap tersedia. 
‘Available bandwidth’ adalah jumlah kapasiti jalur lebar yang tidak digunakan. 
Terdapat dua teknik yang digunakan untuk mengukur lebar jalur yang sedia ada iaitu 
pasif dan aktif. Ukuran pasif membenarkan rangkaian untuk diukur tanpa mengubah 
trafik rangkaian. Kajian ini akan mewakili eksperimen jalur lebar sedia ada dengan 
menggunakan alat anggaran pasif. Alatan yang digunakan dalam eksperimen ini adalah 
Pathload,Wbest dan juga Pathrate. Objektif kajian ini adalah untuk mengukur 
‘available bandwidth’ dengan menggunakan alat anggaran pasif, membandingkan alat-
alat yang dipilih berdasarkan keutamaan anggaran mereka dan mencadangkan alat 
anggaran yang terbaik.Tiga faktor menjadi kayu pengukur bagi analysis ini iaitu corak 
kegagalan, ketepatan dan ketekalan alat. Analisis eksperimen telah dilakukan dalam 
dua senario iaitu ‘optimum network’ dan juga ‘network with traffic’. Bagi setiap 
senario, ujian dilakukan dalam tiga persekitaran yang berbeza iaitu dengan 
menggunakan satu router, dua router dengan lebar jalur yang sama dan dua router 
dengan lebar jalur yang lebih tinggi pada penyambung. Komputer riba diletakkan di 
antara pusat akses. Dua puluh bacaan  untuk setiap alat kemudian direkodkan. 
Berdasarkan keputusan ketepatan,corak kegagalan dan juga ketekalan alat, Pathrate 
adalah alat yang terbaik untuk digunakan bagi kedua-dua situasi diikuti oleh Pathload 
dan Wbest. 
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CHAPTER 1 
INTRODUCTION. 
1.0 Introduction 
  Wireless mesh networks has been widely used nowadays in most types 
of environment. It has been used in education, cities and municipalities, 
isolated location, hospitality and others. In healthcare part, many hospitals 
used wireless network. It is crucial for the doctor and the caregivers to 
maintain and update their patient information. The hospitals are spread out 
through a cluster of densely constructed building. Therefore, wireless network 
mesh nodes can be used around where it can send signals easily.   
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It can be easily, effectively and wirelessly connect entire cities using 
existing technology. Different from the traditional network, wireless mesh 
network connection is spread out among hundreds of wireless mesh nodes that 
communicate with each other to share the network connection across a large 
area.  
 
  Only one node needs to be physically wired to a network connection like 
internet modem. The wired node then shares its Internet connection wirelessly 
with all other nodes in the specific network environment. Those nodes are the 
node that shares the connection wirelessly with the node closest to them. The 
more nodes, the further the connection spreads.  In other words, wireless mesh 
networks making the network adaptable and expandable as more or less 
coverage is needed.  
 
Figure 1 Example of wireless mesh network [1] 
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Bandwidth is referring to the amount of data that can be transmitted from 
one point to another point in specific given time. It is expressed in b its per 
second or multiples of it is as a bit/s, Kbit/ s and etc. For example, a modem 
with a bandwidth of 56 kilobits per second (Kbps) can transmit a maximum of 
about 56,000 bits of digital data in one second. By having a lot of bandwidth is 
very important depending on the user requirement. As an example, the 
university has an internet connection for all its students, surfing the internet 
would be very productive. It will take up a long time to load. Sometimes we 
need to wait to play streaming video. 
 
Available bandwidth is a maximum throughput that the path can provide 
and can achieve in the presence of cross traffic [2]. It is important as much 
business relies on it. The increase uses of technology nowadays, may affect the 
Quality of Service (QoS). Therefore, it is very important to know how to 
determine and measure the available bandwidth. It gives information of 
application on how to control the traffic.  
 
 
 
 
Figure 2 the available bandwidth [3].  
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There are two types of bandwidth estimation tools which are active 
measurement and the passive measurement. Passive measurement is performed 
by observing the traffic without intruding the network. Active measurement on 
the other hand, will probe the network by generating packet traffic into the 
network to perform the measurement. In order to be able to measure or 
determine the available bandwidth actively, a bandwidth estimation tool needs to 
be used to perform the task. However, there are multiple bandwidth estimation 
tools that are available that could be used. Different type of estimation tools 
gives a different type of reading. 
  
 
 
      1.1    Problem statement  
 
   According to the Internet World Stats, there are 2,267,233,742 of internet 
users [4].With the rapid growth of wireless application and the complexity of 
wireless network, measuring the available bandwidth has been challenging. 
Therefore, bandwidth estimation tools will be used to study and analyzing the 
bandwidth performance in the different type of wireless mesh network scenarios. 
There are many types of bandwidth estimation tools nowadays, but among of it 
which is the most suitable for the different type of scenarios. The experiment 
will be conducted based on the following criteria: 
 
i. Consistency. The consistency of the measurement of the tool as whether 
it will fluctuate of overestimating or underestimating value. 
ii. Accuracy. The accuracy of the tool will be measured to estimate the 
available bandwidth whether it will overestimate or not under estimate.  
iii. Failure patterns. It will monitor and measure the reliability of the tool’s 
failure to estimate the bandwidth throughout the testing cycle.  
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1.2   Objectives 
This research was conducted to meet three objectives. The objectives of the 
research were: 
i. To measure available bandwidth with selected passive bandwidth 
estimation tool in a multiple network environment. 
ii. To compare the selected tool based on their estimation preference in a 
multiple network environments. 
iii. To recommend the best bandwidth estimation tools in the given scenario.  
 
1.3   Scope 
In this study we will focus on analyzing the passive bandwidth estimation tool 
for multiple hop wireless mesh network based on several limitations: 
i. IEEE 802.11 g was used as a wireless network standard.  
ii. The Linux operating system was used. 
iii. Three bandwidth estimation tools will be used. The tools were Pathrate, 
Wbest, and Pathload. 
iv. Wireless hardware: Two laptops were used and also the two wireless 
access points (AP). 
v. A measurement was tested based on the traffic generated by the 
bandwidth estimation tools.  
vi. Twenty readings for each tool was recorded 
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      1.4    Thesis Organization. 
The research consists of five chapters: 
 
Chapter 1 provides the overall overview of the thesis. Here, the problem 
statement will be introduced. Based on the problem statement, the objective of 
the research is being defined. Lastly, chapter one also will explain about the 
research scope. 
 
Chapter 2 introduces the hardware and software that will be used in this 
research project. It is mainly focused on the performance of the bandwidth 
estimation tools. The literature review is organized in a way that readers can 
understand this.  
 
Chapter 3 explains the methodology that will be used to carry out this research. 
The detail will be elaborated step by step process that is being used to complete 
the research. 
 
Chapters 4 models will be developed in order to perform the test. It then 
followed by the continuously design on data analysis.  
 
Chapter 5 all the data recorded will be analyzed in this chapter. Each reading 
from each tool will be analyzed based on the objectives of this research. In this 
chapter also, all data will be discussed further.  
 
Chapter 6 concludes all the chapters and the recommendations for future 
researchers 
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CHAPTER 2 
LITERATURE REVIEW 
 
2.0  WLAN 802.11g 
According to Wikipedia wireless local area network (WLAN) 802.11 g is 
the set of standard implementing on a wireless local area network. This 
technology has become the most reliable technology based on the bandwidth 
needs. The growth of the WLAN market evolved to meet the fundamental needs 
of business and consumers. 
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  802.11g is one of the standards used for high speed wireless networks, 
commonly known as Wi-Fi. This standard was created by the IEEE (Institute of 
Electrical and Electronics Engineers) in June of 2003 and uses a 2.4 to 2.5 
gigahertz radio frequency to send and receive data from one device to another 
[5]. 802.11g support multiple data rates that allow the client to communicate at 
the best possible speed [6]. 
 
 
 
2.1  Available bandwidths  
 
  
   Available bandwidth is a term used to define the maximum throughput 
that flow between two hosts can achieve in the presence of cross-traffic. It is 
useful for the route selection in overlapping networks, traffic engineering and 
Quality of service (QoS) verification. The available bandwidth (ABW) at a link 
is its unused capacity. Based on PAESSLER there were two problems when 
measuring the available bandwidth. The two problems are: 
 
1. The only way to measure available bandwidth is to create as much as 
uploads as it can handle while measuring the data rate.  
2. For an exact measurement, two laptops that are placed directly on both 
ends of the data line.  
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2.2  Bridging technologies. 
 
 
 According to Wikipedia it is illustrated as the action taken by network 
equipment to allow two or more network communication, segment creating a 
collective network [7]. It is also does not carry out compiles processes on the 
data frame and forwarding to the next link in the direction target. There are four 
types of network bridging technologies which are simple bridging, multiport 
bridge, learning or transparent bridging and source-route bridging [8]. 
 
 
 
2.3  Bandwidth estimation tools. 
 
 
 Many techniques have been developed to estimate the available 
bandwidth [9]. There are two types of mode to measure available bandwidth 
estimation tool being introduced that are passive mode and also an active mode 
[10]. But in this experiment we only used passive mode. Passive mode means 
we captured packet without injecting any extra traffic to the network. We 
analyze the traffic without intruding it. There are a few examples of bandwidth 
estimation tools that have been widely used in most existing experiments like 
Pathload, Pchar, Pathchar, and others [11]. 
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2.3.1 Pathload. 
 
 
       Pathload is a tool that is used to estimate the available bandwidth of end-
to-end host from a host sender to receiver [14]. Pathload consist of a process 
running as a sender and a process running at receiver. Available bandwidth is 
the maximum throughput that a flow can get on the path between sender and 
receiver without reducing the rate of the traffic  
 
 
 
Figure 3 shows the example reading of Pathload. 
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2.3.2 Pathrate. 
 
 
          Pathrate is an end-to end estimation tools. It requires the user to have an 
access at both ends of the path. It can be run from user-space, and does not 
require super user privileges. It also consists of two types of files Pathrate_snd 
(run on the sender) and Pathrate_rcv (run at the receiver). 
 
 
 
 
 
Figure 4 shows the example of sample output of Pathrate. 
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2.3.3 Wbest. 
 
 
       Wbest is a wireless bandwidth estimation tool that is designed for 
application that requires the fast convergence time and low intrusiveness [15].  
It provides the capacity and available bandwidth information of the underlying 
wireless networks. It works by estimating the effective capacity of the wireless 
network. Then, the format determines the achievable throughput and infers the 
available bandwidth. It developed and used in Linux [16].  
 
 
      It is two stage algorithm where the first stage the packet pair techniques is 
estimated by the success capacity over a flow path where the last hop is a 
wireless LAN (WLAN) and followed by the second stage where the packet pair 
technique is determined by the reachable throughput to conclude the available 
bandwidth[17]. One of the advantages of the Wbest is by statically detecting the 
available fraction of effective capacity to ease estimation delay and the 
impairing with the random wireless channel errors. 
 
 
 
       Figure 5 shows the example of Wbest implementation. 
 
